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Abstract 



Problem 



To form a recording mark that can obtain good reproduction signal quality with high 
reliability while limiting the number of recording parameters in use. 

Means to solve 

The pulse sequence is for forming recording marks from a first prescribed recording mark 
length to the maximum recording mark length, and it contains a head portion containing a head 
pulse, a tail portion containing a tail pulse and a cooling period, and an intermediate portion 
consisting of the intermediate period, that is, the period between the head portion and the tail 
portion; the pulse sequence is for forming recording marks ranging from a recording mark length 
shorter than the first prescribed recording mark length to the minimum recording mark length, 
and it contains a head portion containing a head pulse and a tail portion containing a cooling 
period but no tail pulse; marks in the first recording parameter group have recording mark 
lengths ranging from a first prescribed recording mark length to the maximum recording mark 
length, yet they are classified in the same group; marks in the second recording parameter group 
have recording mark lengths ranging from a second prescribed recording mark length to the 
maximum recording mark length, yet they are classified in the same group; here, the second 
prescribed recording mark length is longer than said first prescribed recording mark length. 
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Key: a Execution of test recording 

b Reproduction signal 

c Instruction for test recording 

d Recording information 

e Recording information 

f Recording parameters 

g Test recording parameter change command 

h Recording instruction 

i Execution of recording 

j Notification 

k Recording parameters 

1 Finer resetting of classifications of reference table 

3 Storage part 

22 Recording information acquisition part 

23 Test recording parameter setting part 

24 Test recording instruction part 

25 Reproduction signal acquisition part 

26 Reproduction signal quality judgment part 

27 Recording instruction part 
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Claims 

1. A recording/reproduction device characterized by the following facts: 

the recording/reproduction device is for the following operation: from an information 
recording medium, which has the recording parameters for a pulse sequence for forming 
recording marks corresponding to the recording information formed at a prescribed region, said 
recording parameters are read and a recording operation is performed; in this 
recording/reproduction device, 

the pulse sequence for forming the recording marks with recording mark lengths ranging 
from a first prescribed recording mark length to a maximum recording mark length contains a 
head portion containing a head pulse, a tail portion containing a tail pulse and a cooling period, 
and an intermediate portion consisting of the intermediate period between said head portion and 
said tail portion; 

the pulse sequence for forming the recording marks with recording mark lengths ranging 
from a recording mark length shorter than said first prescribed recording mark length to a 
minimum recording mark length contains a head portion containing the head pulse and a tail 
portion containing the cooling period but no tail pulse; 

said recording parameters include 

a first recording parameter group comprising the recording parameters for said head 
portion for controlling heat at the front edge of said recording marks, 

and a second recording parameter group comprising the recording parameters for said tail 
portion for controlling heat at the rear edge of said recording marks; 

those in said first recording parameter group are classified according to at least the 
recording mark length in said recording information, and at the same time, recording marks with 
recording mark lengths ranging from the first prescribed recording mark length to the maximum 
recording mark length are classified in the same group; 

those in said second recording parameter group are classified according to at least the 
recording mark length in said recording information, and, at the same time recording mark 
lengths ranging from a second prescribed recording mark length to the maximum recording mark 
length are classified in the same group; 

and said second prescribed recording mark length is longer than said first prescribed 
recording mark length. 

2. The recording/reproduction device described in Claim 1, characterized by the fact that 
classification for recording mark lengths of said second recording parameter group longer than 
the first prescribed recording mark length is performed for said first prescribed recording mark 
length and for recording mark lengths other than said first prescribed recording mark length. 
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3. The recording/reproduction device described in Claim 2, characterized by the fact that 
classification for recording mark lengths of said second recording parameter group longer than 
the first prescribed recording mark length is performed for said first prescribed recording mark 
length and for recording mark lengths other than said first prescribed recording mark length, and 
the recording parameter for the recording mark lengths other than said first prescribed recording 
mark length is set at a value different from the recording parameter for said first prescribed 
recording mark length. 

4. The recording/reproduction device described in Claim 3, characterized by the fact that 
the recording parameter for said tail portion contained in said second recording parameter group 
is the tail falling position of the pulse sequence for forming said recording mark, and the tail 
falling position of the pulse sequence that forms a recording mark with a recording mark length 
other than said first prescribed recording mark length is set such that it is relatively shifted along 
the time axis, in the direction opposite the time progression direction, with reference to the 
falling position of the recording information according to the recording mark length with respect 
to the tail falling position of the pulse sequence for forming the recording mark with said first 
prescribed recording mark length. 

5. The recording/reproduction device described in Claim 1, characterized by the fact that 
the recording parameter of said tail portion contained in said second recording parameter group 
is the tail falling position of the pulse sequence for forming said recording marks. 

6. The recording/reproduction device described in Claim 1, characterized by the fact that 
the recording parameter of said tail portion contained in said second recording parameter group 
is the width of the tail pulse of the pulse sequence for forming said recording marks. 

7. The recording/reproduction device described in Claim 1, characterized by the fact that 
the recording parameter of said tail portion contained in said second recording parameter group 
is the cooling end position of the cooling period of the pulse sequence for forming said recording 
marks. 

8. The recording/reproduction device described in Claim 1, characterized by the fact that 
the recording parameter of said tail portion contained in said second recording parameter group 
is the cooling start position where the cooling period of the pulse sequence for forming said 
recording marks starts. 

9. The recording/reproduction device described in any of Claims 1-8, characterized by the 
fact that the recording parameter of said head portion contained in said first recording parameter 
group is the head rising position of the pulse sequence for forming said recording marks. 

10. The recording/reproduction device described in any of Claims 1-9, characterized by 
the fact that the recording parameter of said head portion contained in said first recording 
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parameter group is the width of the head pulse of the pulse sequence for forming said recording 
marks. 

11. The recording/reproduction device described in any of Claims 1-10, characterized by 
the fact that said first prescribed recording mark length is 4T or longer. 

12. An information recording medium characterized by the fact that the recording 
parameters read by the recording/reproduction device described in any of Claims 1-11 are 
recorded in the user region. 

13. A reproduction device for reproducing the information recording medium described 
in Claim 12. 

Detailed explanation of the invention 

Technical field 

[0001] 

The present invention pertains to a recording/reproduction device for performing 
information recording/reproduction, as well as an information recording medium and a 
reproduction device. 

Prior art 
[0002] 

In the prior art there are the recording/reproduction devices using information recording 
media (such as optical disks) for recording large quantities of data, and the technology for 
recording the information makes use of changes in the physical characteristics of the medium 
when a laser beam is focused on the information recording medium to heat it. The binary digital 
data are recorded on said information recording medium by means of two states, that is the state 
in which a recording mark is formed on the information recording medium (hereinafter to be 
referred to as a "mark") and the state in which the recording mark is not formed (hereinafter to be 
referred to as a "space"), or by means of the lengths of said two states. Here, said digital data are 
called recording information. When the recording information is actually recorded on the 
information recording medium, recording marks are formed on the information recording 
medium by changing the laser beam using recording parameters established according to the 
recorded recording information and the recording information is thus recorded. 

[0003] 

In recent years, to handle increased data capacities, recording speeds have been made 
higher by shortening the processing time of the recording/reproduction device. For an 
information recording medium that allows high-speed recording, it is preferred that low-speed 
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recording be allowable for downward compatibility. Consequently, heat can easily accumulate in 
the quest to increase recording sensitivity. Said heat accumulation causes distortion in the 
recording marks, and the reproduction signal quality may be degraded. It is therefore important 
to control heating when forming recording marks using information recording media that allow 
high-speed recording. 

[0004] 

One technology for controlling heating when forming recording marks involves a write 
strategy as the high technology means of controlling the laser output. In said write strategy, by 
performing laser output control according to the aforementioned recording parameters, the heat 
used for forming the recording marks is controlled. Consequently, the more recording parameters 
there are, the more complicated the operation becomes for controlling the heat for forming the 
recording marks. Also, when the recording parameters are recorded as a reference table on the 
information recording medium and are then read by the recording/reproduction device, the 
processing time for reading the reference table information in the recording/reproduction device 
increases if the number of the recording parameters is increased, and the time until recording 
starts increases. Consequently, it is preferred that the number of recording parameters in use be 
as small as possible. 

[0005] 

For example, Patent Reference 1 provides a method of recording on optical disks, 
characterized by the fact that it has a reference table defining the recording parameters, and the 
table is used as a reference in controlling the heat for forming the recording marks. 

[0006] 

More specifically, in the scheme described in Patent Reference 1, the recording 
parameters for the head pulse for controlling heat at the front edge where recording mark 
formation starts, include classification of the preceding space lengths of the recording marks into 
four types, that is, 2T, 3T, 4T, and 5T or longer, and the recording mark lengths are classified 
into three types, that is, 2T, 3T, and 4T or longer (see Figures 17). Also, the recording 
parameters for the tail pulse for controlling heat at the rear edge where recording mark formation 
ends include classification of the post-space lengths of the recording marks into four types, that 
is, 2T, 3T, 4T and 5T or longer, and classification of the recording mark lengths into two types, 
that is, 3T and 4T or longer (see Figures 18). That is, according to Patent Reference 1, mark 
lengths classified as 4T or longer in the reference table are classified in the same group. As a 
result, the number of recording parameters is reduced, and heat for forming the front edge and 
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rear edge of the recording marks is under control. Here, T represents the time for one clock 
cycle. Consequently, a 2T mark length has a recording region, that is, the region where the 
recording mark of "1" is formed, of 2 clock cycles, and a 2T space length represents a region that 
has a duration of 2 clock cycles where no recording mark is formed. 

Patent Reference 1 

Japanese Kokai Patent Application No. 2005-92942 (published on April 7, 2005) 

Disclosure of the invention 

Problems to be solved by the invention 

[0007] 

With future progress in increasing recording speeds, efforts will be made to further 
increase recording sensitivity in forming recording marks on information recording media. When 
a laser beam is used to form the recording marks, the heat distribution deviates at the rear edge of 
the recording mark where recording mark formation ends, so that in conjunction with an 
increased recording speed comes a more significant tendency for heat to accumulate at the rear 
edge. Consequently, there is a need to more precisely control heat at the rear edge according to 
the recording parameters. 

[0008] 

According to the scheme described in Patent Reference 1, however, the classification of 
recording parameters for performing heat control at the front edge where recording mark 
formation starts and the classification of recording parameters for performing heat control at the 
rear edge, which requires stricter control, are set the same. That is, a reference table is used 
having the same classification for recording mark lengths of 4T or longer. Also, in order to 
reduce the number of recording parameters in the reference table that defines the recording 
parameters, there is no specific indication of the basis for classification of the recording mark 
length and the preceding and succeeding space lengths. Consequently, although the number of 
the recording parameters is reduced, when recording marks are actually read there is no 
guarantee that a high reproduction signal quality can be obtained (no guarantee that the 
prescribed reproduction signal quality is achieved). This is undesirable. 

[0009] 

The objective of the present invention is to solve the aforementioned problems of the 
prior art by providing a recording/reproduction device, an information recording medium and a 
reproduction device characterized by the fact that recording marks can be formed that yield good 
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reproduction signal quality with high reliability, while limiting the number of recording 
parameters in use. 

Means to solve the problems 
[0010] 

In order to solve the aforementioned problem, the present invention provides a 
recording/reproduction device characterized by the following facts: the recording/reproduction 
device is for the following operation: from an information recording medium, which has the 
recording parameters for a pulse sequence for forming recording marks corresponding to the 
recording information formed at a prescribed region, said recording parameters are read and a 
recording operation is performed; in this recording/reproduction device, the pulse sequence for 
forming the recording marks with recording mark lengths ranging from a first prescribed 
recording mark length to a maximum recording mark length contains a head portion containing a 
head pulse, a tail portion containing a tail pulse and a cooling period, and an intermediate portion 
consisting of the intermediate period between said head portion and said tail portion; the pulse 
sequence for forming the recording marks with recording mark lengths ranging from a recording 
mark length shorter than said first prescribed recording mark length to a minimum recording 
mark length contains a head portion containing the head pulse and a tail portion containing the 
cooling period but no tail pulse; said recording parameters include a first recording parameter 
group comprising the recording parameters for said head portion for controlling heat at the front 
edge of said recording marks, and a second recording parameter group comprising the recording 
parameters for said tail portion for controlling heat at the rear edge among said recording marks; 
those in said first recording parameter group are classified according to at least the recording 
mark length among said recording information, and at the same time, recording marks with 
recording mark lengths ranging from the first prescribed recording mark length to the maximum 
recording mark length are classified in the same group; those in said second recording parameter 
group are classified according to at least the recording mark length in said recording information, 
and at same time, the recording mark lengths ranging from a second prescribed recording mark 
length to the maximum recording mark length are classified in the same group; and said second 
prescribed recording mark length is longer than said first prescribed recording mark length. 



[0011] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: classification for those of said second recording parameter group 
longer than the first prescribed recording mark length is performed for said first prescribed 
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recording mark length and for recording mark lengths other than said first prescribed recording 
mark length. 

[0012] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: classification for those of said second recording parameter group 
longer than the first prescribed recording mark length is performed for said first prescribed 
recording mark length and for recording mark lengths other than said first prescribed recording 
mark length, and the recording parameter of the recording mark length other than said first 
prescribed recording mark length may be set at a value different from the recording parameter 
for said first prescribed recording mark length. 

[0013] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: the recording parameter for said tail portion contained in said second 
recording parameter group is the tail falling position of the pulse sequence for forming said 
recording mark, and the tail falling position of the pulse sequence that forms a recording mark 
with a recording mark length other than said first prescribed recording mark length is set such 
that it is relatively shifted along the time axis, in the direction opposite the time progression 
direction, with reference to the falling position of the recording information according to the 
recording mark length with respect to the tail falling position of the pulse sequence for forming 
the recording mark with said first prescribed recording mark length. 

[0014] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: the recording parameter of said tail portion contained in said second 
recording parameter group is the tail falling position of the pulse sequence for forming said 
recording marks. 

[0015] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: the recording parameter of said tail portion contained in said second 
recording parameter group is the width of the tail pulse of the pulse sequence for forming said 
recording marks. 
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[0016] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: the recording parameter of said tail portion contained in said second 
recording parameter group is the cooling end position of the cooling period of the pulse sequence 
for forming said recording marks. 

[0017] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: the recording parameter of said tail portion contained in said second 
recording parameter group is the cooling start position where the cooling period of the pulse 
sequence for forming said recording marks starts. 

[0018] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: the recording parameter of said head portion contained in said first 
recording parameter group is the head rising position of the pulse sequence for forming said 
recording marks. 

[0019] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: the recording parameter of said head portion contained in said first 
recording parameter group is the width of the head pulse of the pulse sequence for forming said 
recording marks. 

[0020] 

In addition to said constitution, the recording/reproduction device of the present invention 
has the following feature: said first prescribed recording mark length is 4T or longer. 

[0021] 

In addition to said constitution, the present invention provides an information recording 
medium characterized by the fact that the recording parameters read by the 
recording/reproduction device are recorded in the user region. 

[0022] 

In addition to said constitution, the present invention provides a reproduction device for 
reproducing the aforementioned information recording medium. 
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Effects of the invention 
[0023] 

According to the present invention, the recording parameters are determined so that the 
prescribed reproduction signal quality is achieved while the number of classifications of the 
recording parameter group is increased. Consequently, it is possible to reduce the number of 
classifications of the recording parameter group once the recording parameters that can achieve 
the prescribed reproduction signal quality are determined. In addition, the recording parameters 
for controlling heat at least at the rear edge are determined so that the prescribed reproduction 
signal quality can be achieved. Consequently, the effect of heat at the rear edge can be 
compensated, and it is possible to form recording marks with high reproduction signal quality. 
Consequently, it is possible to form recording marks from which good reproduction signal 
quality is acquired with a high reliability, while limiting number of the recording parameters in 
use. This is the effect of the present invention. 

Optimum embodiment of the invention 
[0024] 

Embodiment 1 

In the following, an embodiment of the present invention will be explained with reference 
to Figures 1 -16(b). 

[0025] 

First of all, an example of optical disk device (1) (recording/reproduction device) will be 
explained as the recording/reproduction device of the present embodiment. As shown in 
Figures 2, optical disk device (1) of the present invention has the following parts: optical 
head (11) (optical pickup), pickup (12), pickup driver (13), laser driver (14), reproduction 
circuit (15), and controller (20). Here, pickup driver (13), laser driver (14) and reproduction 
circuit (15) form recording/reproduction circuit group (10). Said optical disk device (1) is a 
device that performs information recording to and reproduction from optical disk (2). Also, 
optical disk (2) is not restricted as to the type of optical disk. For example, an opto-magnetic disk 
or the like can be used. 

[0026] 

First of all, optical head (11) has pickup (12). Said optical head (11) irradiates optical 
disk (2) with a light beam (laser beam) for information recording/reproduction, and at the same 
time it detects light reflected from optical disk (2), and sends the output to reproduction 
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circuit (15). Said pickup (12) is equipped in optical head (1 1) for recording/reproduction of data. 
It can move in the optical axis direction and the transverse direction of optical disk (2), that is, 
the radial direction. 

[0027] 

Then, under the control signal from controller (20), pickup driver (13) drives pickup (12). 
Here, pickup (12) is driven to move along the not-shown track of optical disk (2), that is, in said 
radial direction and said optical axis direction. In addition, laser driver (14) controls the output of 
the light beam irradiated from optical head (11). Then, reproduction circuit (15) converts the 
reflected light detected with optical head (1 1) to the reproduction signal, and the output is sent to 
controller (20). 

[0028] 

Said controller (20) is for setting the recording parameters of the recording marks as the 
information recorded on optical disk (2). Also, controller (20) drives pickup (12) to move via 
pickup driver (13), so that the light beam is irradiated from optical head (1 1) via laser 
driver (14). Here, the reproduction signal obtained by converting the reflected light detected with 
optical head (1 1) is received by reproduction circuit (15). Details of controller (20) will be 
explained later. 

[0029] 

In the following, optical disk (2) that has the information recorded on it by optical disk 
device (1) will be briefly explained with reference to Figures 3. As shown in Figures 3, optical 
disk (2) has setting region (41) and user region (42). Said setting region (41) is the 
region (portion) for performing test recording of the information, and user region (42) is the 
portion for recording the desired information of the user. Setting region (41) can also be the 
region for recording the reference table, to be explained later. 

[0030] 

Here, the position of setting region (41) is not restricted to the position shown in 
Figures 3. It may be present at any radial position of optical disk (2), and there may be plural 
such setting regions (41). 
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[0031] 

In the following, the operations of recording of information on optical disk (2) using 
optical disk device (1) and of reproducing the information recorded on optical disk (2) using 
optical disk device (1) will be briefly described. 

[0032] 

When information is recorded on optical disk (2) with optical disk device (1), 
controller (20) first sets the recording parameters based on the recording information. Then, the 
recording light beam from optical head (11) irradiates setting region (41) of optical disk (2) so 
that the information is recorded on the tracks of setting region (41) of optical disk (2). Also, 
when information recorded on optical disk (2) is reproduced with optical disk device (1), control 
part (20) first causes pickup (12) to be driven, via pickup driver (13), to move to the recording 
portion of setting region (41) or user region (42) where the information is recorded on optical 
disk (2). Then, via laser driver (14), controller (20) causes the playback light beam from optical 
head (1 1) to irradiate the track of the recording portion where the information is recorded on 
optical disk (2). Reflected light detected by optical head (1 1) is converted by reproduction 
circuit (15) into a reproduction signal that is input to controller (20). As a result, said optical disk 
device (1) can reproduce the information recorded on the track of optical disk (2). Here, the 
recording information refers to the two states, namely the (mark) state where recording marks are 
formed on optical disk (2) and the (space) state without the formation of recording marks, or the 
lengths of said two states. These express the binary digital data recorded on optical 
disk (2) (information recording medium). Consequently, the recording information specifies the 
two states, that is, the (mark) state of recording marks are formed on optical disk (2) and 
the (space) state wherein recording marks are not formed, and the lengths of said two states. 

[0033] 

In the present embodiment, optical disk device (1) first performs recording (test 
recording) in setting region (41) of optical disk (2), and it sets the recording parameters by means 
of controller (20) based on the value of the reproduction signal obtained by reproduction of the 
test recording information. The information is then recorded on the various tracks of user 
region (42) according to the set recording parameters. Here, the recording operation on user 
region (42) after setting of the recording parameters of optical disk device (1) is the same as the 
conventionally known recording operation, so a detailed explanation will be omitted here. 
Setting of the recording parameters with controller (20) will be explained in detail later, in the 
explanation of controller (20). 
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[0034] 

Before detailed explanation of controller (20) and of setting the recording parameters in 
controller (20), Figures 4 and 5 will be used to explain the recording parameters. In the following 
explanation, the modulation system will be assumed to be (1,7) RLL (Run Length Limited code) 
as an example. However, the present embodiment is not limited to said (1,7) RLL modulation 
system. The (1,7) RLL code refers to a code that restricts the minimum value and maximum 
value of the inversion interval in the magnetic and optical digital recording. 

[0035] 

As will be explained later in detail, in said (1,7) RLL modulation system, in the pulse 
sequence of recording pulses, while the shortest recording mark 2T comprises a head portion and 
a tail portion, a recording mark longer than the shortest recording mark also has an intermediate 
portion between the head portion and the tail portion corresponding to the mark length. In other 
modulation systems, such as a system that starts with 3T as the shortest recording mark 
length (for example, DVD-RW, etc.), the shortest recording mark comprises a head portion, an 
intermediate portion and a tail portion. Also, there is a constitution made of only the head 
portion (such as DVD-R, etc.). Here, T represents the time for one clock cycle. Consequently, for 
example, when the recording mark length is 3T, it indicates that the recording mark is formed in 
the time corresponding to three clock cycles. 

[0036] 

As shown in Figures 4, the pulse sequence of recording pulses corresponding to the 
recording information is set on optical disk (2) taking into consideration the temperature 
distribution in the medium for performing the recording. Figure 4 shows an example in which the 
recording information has a recording mark length of 5T. It shows the recording pulses 
corresponding to the recording information. The pulse sequence of recording pulses is 
represented as the time and power of the recording pulses. In Figures 4, the abscissa represents 
the irradiation time, and the ordinate in Figures 4 shows power of the recording pulses. 



[0037] 

As explained above, said pulse sequence comprises a head portion, a tail portion and an 
intermediate portion. As shown in Figures 4, here the head portion comprises the head rising 
position and the head pulse; the tail portion comprises the tail rising position, the cooling period 
and the cooling end position; and the intermediate portion comprises the intermediate period 
between the head pulse and the tail pulse. Also, as shown in Figures 4, said pulse sequence also 
consists of recording power, space power, intermediate power, and bias (cooling) power. In this 
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embodiment, said recording power, space power, intermediate power and bias (cooling) power 
that form the pulse sequence are called the recording power parameters. These recording power 
parameters are contained in said recording parameters. In Figures 4, it is shown that the 
recording pulses in the head portion and the tail portion have the same recording power. This is 
not restrictive, however. The head portion and tail portion can also have different recording 
powers. In Figures 4, it is shown that the power descends in the order of recording power, space 
power, intermediate power, and bias (cooling) power. This is not restrictive, however, it is 
preferred that the recording power of either the head portion or that of the tail portion be the 
highest, while the cooling power should be the lowest. 

[0038] 

Also, Figures 5 shows the pulse sequence and recording pulse parameters for forming the 
various recording marks with recording mark lengths ranging from 2T to 9T. In the example 
shown in Figures 5, the recording mark with a recording mark length of 2T and the recording 
mark with a recording mark length of 3T are each composed of a head pulse and a cooling 
period, while the recording marks with a recording mark length of 4T or longer are composed of 
a head pulse, an intermediate period, a tail pulse, and a cooling period. In Figures 5, dTtop shows 
the head rising position as the pulse start position of the head portion; Ttop represents the width 
of the head pulse; dTe represents the cooling end position where the cooling period of the tail 
portion ends, Tip represents the width of the tail pulse, and dTlp represents the falling 
position (tail falling position) of the tail pulse. Here, while dTlp is the falling position of the tail 
pulse, it may also be taken as the cooling start position of the cooling period in the tail portion of 
the pulse sequence. Also, while dTe can be taken as the cooling end portion where the cooling 
period of the tail portion ends, it may also be taken as the start position of the period of 
irradiation with space power Ps that succeeds the cooling period. Said dTtop, dTe, and dTlp are 
respectively set as times from the reference timing of the clock. dTtop is set in time with 
reference to the rising position (the position from 0 to 1) of the recording information according 
to each recording mark length, and dTe and dTlp are set in time with reference to the falling 
position (the position from 1 to 0) of the recording information according to each recording mark 
length. In this case, the same reference is used for all of the recording mark lengths. Also, in 
Figures 5, dTtop is set in time with reference to the rising position of the recording information. 
However, it can also be set with reference to a position shifted by a prescribed clock interval 
from the rising portion of the recording information. Similarly, in Figures 5, dTe and dTlp are set 
in time with reference to the falling position of the recording information. However, they can 
also be set with reference to a position shifted by a prescribed clock interval from the falling 
position of the recording information, and setting may also be made such that the amounts of 
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shift of the reference position from the falling position of the recording information are dTe and 
dTlp, respectively. In the present embodiment, dTtop, Ttop, dTe, Tip, and dTlp that define the 
timing of the recording pulses are called recording pulse parameters. These recording pulse 
parameters are contained in the aforementioned recording parameters. 

[0039] 

In Figures 5, the width of the head pulse is set according to Ttop. However, a scheme can 
also be adopted in which the recording pulse parameter is set as the falling position of the head 
pulse, and this can represent the period of the head pulse. Similarly, the width of the tail pulse is 
set by means of Tip. However, the period of the tail pulse also can be represented by setting the 
recording pulse parameter as the rising position of the tail pulse. 

[0040] 

By changing the value of the recording pulse parameters, it is possible to change the 
shape of the recording marks formed. With respect to dTtop and Ttop that form the head portion, 
in order to change the shape of the front edge as the position where recording mark formation 
starts, it is possible to control heat at the front edge by means of the parameters dTtop and Ttop 
among the recording pulse parameters. Also, with respect to dTe, Tip, and dTlp that form the tail 
portion, in order to change the shape of the rear edge as the position where recording mark 
formation ends, it is possible to control heat at the rear edge by means of the parameters dTe, 
Tip, and dTlp. In addition, when the intermediate power value among the recording power 
parameters changes, the accumulation of heat at the intermediate portion changes, so that the 
shape of the recording mark in the portion between the front edge and rear edge can be 
controlled by means of the intermediate power parameter among the recording power 
parameters. 

[0041] 

The recording parameter values comprising said recording power parameters and 
recording pulse parameters are recorded in setting region (41) in the form of a reference 
table (recording parameter group), and they are read by optical disk device (1) and are 
stored (recorded) in storage part (3). Here, said storage part (3) may be a memory or another 
information recording medium, server, etc. It may be provided in optical disk device (1), or 
arranged externally to be connectable to optical disk device (1). Details of the reference table 
will be explained later. 
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[0042] 

In the following, detailed explanation will be given regarding the setting of the recording 
parameters in controller (20) of optical disk device (1). First of all, a brief account will be given 
of the structure of controller (20) with reference to Figures 1. Figures 1 is a functional block 
diagram illustrating the constitution of controller (20) in the present embodiment. 

[0043] 

As shown in Figures 1, controller (20) includes recording parameter setting 
part (21) (recording parameter setting device). Among the functions of controller (20) are the 
functions of recording parameter setting part (21), which includes setting the recording 
parameters for the recording marks as the information recorded on optical disk (2), irradiation by 
a light beam from optical head (11) via laser driver (14), and reception of the reproduction 
signal, obtained by transforming the reflected light detected with optical head (1 1), by 
reproduction circuit (15). Said functions are performed by the following parts of recording 
parameter setting part (21), respectively: recording information acquisition part (22), test 
recording parameter setting part (23) (test recording parameter setting means), test recording 
instruction part (24), reproduction signal acquisition part (25), reproduction signal quality 
judgment part (26) (reproduction signal quality judgment means), and recording instruction 
part (27). 

[0044] 

Said recording information acquisition part (22) acquires the recording information to be 
recorded on optical disk (2). The acquisition source may be any of the upper-level control part of 
controller (20), the memory that stores the recording information, or a server. The acquisition 
source for the recording information may be provided in optical disk device (1), or it may be a 
part arranged externally to be connectable to optical disk device (1). 

[0045] 

Said test recording parameter setting part (23) checks the recording information acquired 
by recording information acquisition part (22) from storage part (3), obtains the recording 
parameters corresponding to said recording information from among the recording parameters 
defined in the reference table of storage part (3), and sets the test recording parameters for 
performing the test recording operation. Said test recording parameter setting part (23) resets the 
test recording parameters when a command to reset the test recording parameters for the test 
recording operation (test recording parameter change command) is received from reproduction 
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signal quality judgment part (26), to be explained later. Resetting of said test recording 
parameters will be explained later. 

[0046] 

Said test recording instruction part (24) sends an instruction to pickup driver (13) and 
laser driver (14) so that the test recording operation is performed in setting region (41) of optical 
disk (2) according to the test recording parameters set with test recording parameter setting 
part (23). 

[0047] 

Said reproduction signal acquisition part (25) acquires from reproduction circuit (15) the 
reproduction signal obtained from the recording marks formed in setting region (41) of optical 
disk (2) during the test recording under the instructions of test recording instruction part (24). 

[0048] 

Here, reproduction signal quality judgment part (26) judges whether the test recording 
parameters used in the test recording are satisfactory based on the reproduction signal obtained 
by reproduction signal acquisition part (25). Said reproduction signal quality judgment part (26) 
judges whether the test recording parameters used in the test recording are satisfactory according 
to whether the reproduction signal obtained by reproduction signal acquisition part (25) achieves 
the prescribed reproduction signal quality. When the reproduction signal achieves the prescribed 
reproduction signal quality, reproduction signal quality judgment part (26) accepts (sets) the test 
recording parameters used in the test recording as the recording parameters, which are then sent 
to recording instruction part (27). Here, if the reproduction signal does not achieve the prescribed 
reproduction signal quality, reproduction signal quality judgment part (26) judges whether the 
classification number in the reference table, which is used as reference by test recording 
parameter setting part (23), exceeds a prescribed value. If the classification number in said 
reference table does not exceed the prescribed value, a test recording parameter change 
command for resetting the test recording parameters is sent to test recording parameter setting 
part (23), while the classification of the reference table stored in storage part (3) is finely reset. 
Here, when the classification number of the reference table exceeds the prescribed value, 
reproduction signal quality judgment part (26) takes this as an indication of a recording 
parameter setting error, and it displays the error on the display, not shown in the figures, and 
terminates the recording parameter setting operation. The prescribed value will be explained in 
detail later. Also, the prescribed reproduction signal quality referred to here is reproduction 
signal quality within a range where it can be sufficiently compensated with the error correction 
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function of the recording/reproduction device (optical disk device (1) in this embodiment), and 
its value can be set arbitrarily, taking into consideration manufacturing variability of the 
recording/reproduction device and the optical disk (optical disk (2) in this embodiment). The 
reproduction signal quality may be based on jitter, error rate, etc. When there exists a floor level 
standard for the jitter, error rate, etc. for each optical disk, the value of said floor level defined by 
said standard can be used as the prescribed reproduction signal quality. 

[0049] 

Said recording instruction part (27) sends instructions to pickup driver (13) and laser 
driver (14) so that the recording operation is performed in user region (42) of optical disk (2) 
according to the recording parameters sent from reproduction signal quality judgment part (26). 

[0050] 

In the following, the operation of setting the recording parameters in optical disk 
device (1) will be explained with reference to Figures 6-11. Figures 6 is a flow chart illustrating 
the operation of setting the recording parameters in this embodiment. Figures 7-1 1 are diagrams 
illustrating the reference table in this embodiment. 

[0051] 

First of all, in step SI, recording information acquisition part (22) acquires the recording 
information to be recorded on optical disk (2). Then, in step S2, test recording parameter setting 
part (23) checks the recording information acquired by recording information acquisition 
part (22) from storage part (3) in order to set the test recording parameters. More specifically, 
based on the recording information, the reference table shown in Figures 7 and 1 1 is first of all 
taken as a reference, the recording parameters according to the recording information are 
acquired, and the test recording parameters are set. Figures 7 shows the reference table for the 
falling position dTlp of the tail pulse as the position where formation of the recording mark ends, 
serving as the recording pulse parameter in the reference table for controlling heat at the rear 
edge. As shown in Figures 7, a reference table according to classification of the recording mark 
into only one type of length of 4T or longer is used. In this case, when the recording mark length 
of the recording information is shorter than 4T, the recording parameter established as the default 
is set as a recording parameter. When the recording mark length of the recording information is 
4T or longer, the value of the corresponding classification of the reference table (here, b4) is set 
as the recording parameter. For example, in this case the value of Ttop or dTlp may be preset as 
the default setting. 
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[0052] 

As a reference table for controlling heat at the front edge where formation of the 
recording mark starts, Figures 1 1 shows the reference table for head rising position dTtop as a 
recording pulse parameter. In Figures 1 1, the recording mark lengths are classified into three 
types, that is, 2T, 3T, and 4T or longer. This classification number is not changed in subsequent 
test recording. Consequently, there is no increase in the number of the recording parameters for 
controlling heat at the front edge. 

[0053] 

As explained above, the reference table shown in Figures 7 and 1 1 is recorded in setting 
region (41) of the disk, and optical disk device (1) reads said reference table and stores it in 
storage part (3). Then, with reference to the reference table of storage part (3), test recording 
parameter setting part (23) sets the test recording parameters. Here, for falling position dTlp of 
the tail pulse of a recording mark length longer than 4T (5T or longer), the same value as that for 
4T, namely, b4, is set in test recording parameter setting part (23). Also, for head rising position 
dTtop of a mark length longer than 4T (5T or longer), the same value as that for 4T, namely, c4, 
is set in test recording parameter setting part (23). Because test recording parameter setting 
part (23) sets the same value for 5T or longer as for 4T, the read time can be shortened compared 
to the case when different recording parameters up to 9T must be respectively read. Said test 
recording parameter setting part (23) sets the same value of the recording parameter for the range 
from 4T to 9T, and gives the same value of variation in the test recording. That is, the value of 
variation in 4T is used as the common value of variation in the test recording for the range from 
4Tto 9T. 

[0054] 

In step S3, test recording instruction part (24) sends instructions to pickup driver (13) and 
laser driver (14) to perform the test recording operation in setting region (41) of optical disk (2) 
according to the test recording parameters set in test recording parameter setting part (23). Then, 
by means of said pickup driver (13) and laser driver (14), recording of the information in the 
setting region of optical disk (2) is performed in step S4 on optical head (11) according to the test 
recording parameters. Then in step S5, reproduction of the information is performed with optical 
head (1 1), and a reproduction signal is obtained by reproduction circuit (15). 

[0055] 

In step S6, reproduction signal acquisition part (25) acquires the reproduction signal and 
sends it to reproduction signal quality judgment part (26). Then in step S7, reproduction signal 
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quality judgment part (26) judges whether the reproduction signal obtained with reproduction 
signal acquisition part (25) achieves the prescribed reproduction signal quality. Here, if the 
reproduction signal does achieve the prescribed reproduction signal quality (YES in step S7), 
process flow continues to step S8. On the other hand, if the reproduction signal fails to achieve 
the prescribed reproduction signal quality (NO in step 7), process flow continues to step S9. 
More specifically, depending on whether the jitter achieves the prescribed value (for example, 
6.5% or less) representing the prescribed reproduction signal quality, a judgment is performed as 
to whether the reproduction signal achieves the prescribed reproduction signal quality. 

[0056] 

In step S8, the test recording parameters used in the test recording are sent by 
reproduction signal quality judgment part (26) to recording instruction part (27). Then the 
recording parameters for performing the actual recording operation are set (determined) in user 
region (42) of optical disk (2), and the operation of setting the recording parameters comes to an 
end. 

[0057] 

In step S9, a judgment is made by means of reproduction signal quality judgment 
part (26) on whether the classification number in the reference table taken as reference by test 
recording parameter setting part (23) exceeds a prescribed value. If the classification number in 
the reference table exceeds the prescribed value (YES in step S9), process flow continues to step 
S10. On the other hand, if the classification number in the reference table does not exceed the 
prescribed value (NO in step S9), process flow continues to step SI 1. The prescribed value will 
be described in detail later. As a specific example, the number of classifications of the reference 
table is set at 1 in Figures 7. In the present embodiment, because the maximum recording mark 
length is 9T, if individual classification were performed from 4T to 9T, the maximum 
classification number of the reference table would be 6. Here, when reproduction signal quality 
judgment part (26) judges that the classification number in the reference table used as a reference 
by test recording parameter setting part (23) is 7 in step S9, this value is found to conflict with 
the value of 6 as the maximum classification number of the reference table shown in Figures 7. 
Consequently, an error results in the recording parameter setting operation. Also, when 
reproduction signal quality judgment part (26) judges that the classification number in the 
reference table used as a reference by test recording parameter setting part (23) is 6 in step S9, 
the value agrees with the maximum classification number of the reference table shown in 
Figures 7. Consequently, the classification number cannot be further increased, and an error 
results in the recording parameter setting operation. Consequently, in the present embodiment, an 
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error can occur in the recording parameter setting operation, so the maximum value of the 
classification number in the reference table used as a reference by test recording parameter 
setting part (23) is used as said prescribed value. Also, each time a test recording parameter is 
reset for the test recording operation, there is also a change in the reference table used as a 
reference by test recording parameter setting part (23). Here, the aforementioned prescribed 
value varies according to the maximum value of the classification number of the reference table 
that varies in conjunction with changes in said reference table. 

[0058] 

In step S 1 0, because error occurs in the recording parameter setting operation, 
reproduction signal quality judgment part (26) displays the error in the display part, not shown in 
the figure, and at the same time the recording parameter setting operation comes to an end. 

[0059] 

In step SI 1, while the test recording parameter change command for resetting the test 
recording parameters is sent to test recording parameter setting part (23), classification of the 
reference table stored in storage part (3) is set with finer gradations. More specifically, as shown 
in Figures 8, the classification of the reference table, which makes only one classification for 
recording mark lengths of 4T or longer, can be set as two types for 4T and 5T or longer in test 
recording parameter setting part (23). As a result, it is possible to perform independent control of 
the setting values of the test recording parameters of 4T and 5T or longer in performing the test 
recording. Here, test recording parameter setting part (23), which has received the test recording 
parameter change command, again checks with storage part (3), and the recording parameter 
corresponding to the recording information is reset among the recording parameters used in the 
test recording operation. In this case, those ranging from 5T to 9T are set at the same value, and 
the same change quantity is given in the test recording. That is, the same value is used for 5T and 
9T. Then, after changing of the reference table, flow returns to step S2 and the process is 
repeated. Also, each time there is a return to step S2 and the process is repeated, the 
classification of the reference table stored in storage part (3) is reset more finely as explained 
above. More specifically, after the reference table shown in Figures 8, a reference table with 
three classifications for 4T, 5T and 6T or longer shown in Figures 9 is used. Then, after the 
reference table shown in Figures 9, four classifications for 4T, 5T, 6T and 7T or longer in the 
reference table shown in Figures 10 are adopted. In this way, classification of the reference table 
is reset stepwise with finer gradations. 
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[0060] 

In said embodiment, in both the reference table for controlling heat at the front edge and 
the reference table for controlling heat at the rear edge stored in storage part (3) when the test 
recording operation starts, those of 4T or longer (having the prescribed recording mark length or 
longer) are classified the same. This is not restrictive, however. For example, between said 
reference tables for controlling heat at the front edge and the reference table for controlling heat 
at the rear edge stored in storage part (3) at the time the test recording operation starts, it is 
preferred that finer classification be made for the reference table for controlling heat at the rear 
edge than for the reference table for controlling heat at the front edge. 

[0061] 

A scheme can also be adopted in which, between said reference table for controlling heat 
at the front edge and the reference table for controlling heat at the rear edge, the reference table 
for controlling heat at the rear edge is taken as the table that is more finely classified than the 
reference table for controlling heat at the front edge when they are recorded in setting region (41) 
of optical disk (2). In this case, because the reference table is read by optical disk device (1) and 
stored (recorded) in storage part (3), when the test recording operation starts, between said 
reference table for controlling heat at the front edge and the reference table for controlling heat at 
the rear edge stored in storage part (3), the reference table for controlling heat at the rear edge is 
more finely classified than the reference table for controlling heat at the front edge. That is, it 
contains a reference table for controlling heat at the front edge wherein those of the prescribed 
recording mark length or longer are classified in the same group, and a reference table for 
controlling heat at the rear edge wherein recording mark lengths longer than said prescribed 
recording mark length are classified in the same group (that is, classification into those with the 
prescribed recording mark length and those with the recording mark lengths longer than the 
prescribed recording mark length). 

[0062] 

As a result, it is possible to have the recording parameter for controlling heat at the rear 
edge of the recording mark classified more finely than the recording parameter for controlling 
heat at the front edge of the recording mark, and it is possible to reduce the number of the 
recording parameters compared to the case when the number of classifications is increased for 
the recording parameters of both the front edge and rear edge. Also, because the rear edge of the 
recording mark is more subject to the effect of heat than the other regions of the recording mark, 
finer classification of the reference table for controlling heat at the rear edge allows more precise 
control of heat at the rear edge as the site where recording mark formation ends, and it is possible 
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to form recording marks with high reproduction quality by compensating for the effects of 
accumulated heat. 

[0063] 

According to the constitution of the present embodiment, when resetting of a test 
recording parameter is performed, the classification of the reference table stored in storage 
part (3) is more finely set. This is not restrictive, however. For example, a scheme can also be 
adopted in which plural reference tables with different numbers of classifications are stored 
beforehand in storage part (3) (for example, all of the reference tables shown in Figures 7, 8, 9 
and 10 are stored in storage part (3)), and when resetting of a test recording parameter is 
performed, test recording parameter setting part (23) checks these and changes the type of 
reference table in use. 

[0064] 

For example, for the reference table shown in Figures 10 used as the reference table for 
the recording parameter eventually determined for falling position dTlp of the tail pulse, dTlp as 
the recording parameter for controlling heat at the rear edge of the recording mark is set such that 
recording mark lengths of 4T or longer are classified into 4T, 5T, 6T, and 7 T or longer as shown 
in Figures 10. On the other hand, for dTtop as the recording parameter for controlling heat at the 
front edge of the recording mark, because there is no resetting due to test recording, the setting in 
step S2 is left as is, and the recording mark length is classified into three types, that is, 2T, 3T 
and 4T or longer, as shown in Figures 1 1 . 

[0065] 

In the case of recording the reference table in setting region (41) of optical disk (2), for 
example, recording pulse parameters dTtop, dTlp are recorded according to the recording mark 
length, and the values of recording pulse parameters dTtop, dTlp, as shown in Figures 1 6(a) and 
16(b), are recorded in setting region (41). 

[0066] 

As can be seen from Figures 1 6(a) and 1 6(b), recording pulse parameter dTtop is 
classified and assigned to three fields, that is, 2T, 3T, and 4T or longer. On the other hand, 
recording pulse parameter dTlp is classified and assigned to four fields of 2T, 3T, 4T and 5T or 
longer. That is, the field for storing the value of recording pulse parameter dTtop is assigned 
according to the recording mark length, and one field is assigned to store the value of the 
prescribed recording mark length or longer (4T or longer in Figures 16(a)). Here, the field that 
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stores the value of recording pulse parameter dTlp is assigned according to the recording mark 
length, and at the same time, one field is assigned for storing the value of the recording mark 
length longer than the prescribed recording mark length (5T or longer in Figures 16(b)). 

[0067] 

In this way, even when the reference table is recorded in setting region (41) of optical 
disk (2), the reference table for controlling heat at the rear edge for forming the rear edge is 
classified more finely than the reference table for controlling heat at the front edge for forming 
the front edge. Consequently, the operation and effects of the present invention can be obtained 
by reading the reference table from setting region (41) of optical disk (2). 

[0068] 

The various values of the reference table recorded in setting region (41) of optical 
disk (2) can be the values recorded by means of said test writing, or they can be values recorded 
beforehand when various setting operations are performed at the time of shipment. 

[0069] 

In the following, the operation and effects of the present invention will be explained with 
reference to Figures 12. Figures 12 is a diagram illustrating the correlation between the degree of 
classification of the reference table and jitter in the reproduction signal of the recording mark. 

[0070] 

Under condition 1 , the reference table shown in Figures 7 (recording mark lengths of 4T 
or longer are classified into one group) is used for the recording parameter for falling position 
dTlp of the tail pulse, and under condition 2, the reference table shown in 

Figures 8 (classification into two groups with recording mark lengths of 4T and of 5T or longer, 
respectively) is used. In addition, under condition 3, the reference table shown in 
Figures 9 (classification into 3 groups with recording mark lengths of 4T, 5T, and 6T or longer, 
respectively) and under condition 4, the reference table shown in Figures 1 0 (classification into 
four groups with recording mark lengths of 4T, 5T, 6T and 7T or longer, respectively) is used. 
For example, if the prescribed reproduction signal quality is defined as a jitter of 6.5% or less, 
the prescribed reproduction signal quality can be achieved only under condition 4, as is shown 
clearly in Figures 12. That is, because the number of the recording parameters is small because 
classification according to the recording mark length is made too coarse, the prescribed 
reproduction signal quality cannot be achieved under condition 1, condition 2, or condition 3. On 
the other hand, according to the present invention, when the prescribed reproduction signal 
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quality cannot be achieved under condition 1, the reference table according to condition 2 is 
used, and so on. As a result, reference table classification is made finer and finer until the 
prescribed reproduction signal quality can be achieved. 

[0071] 

Also, the prescribed reproduction signal quality is not restricted to a jitter of 6.5% or less. 
Here, the prescribed reproduction signal quality should represent a level at which error correction 
of the reproduction signal by optical disk device (1) is possible. Any reproduction signal quality 
that can secure a tolerance for variability caused by the mass production of optical disk 
device (1) and optical disk (2) can be used. For example, when the prescribed reproduction 
signal quality is taken as a jitter of 7% or less, conditions 2, 3 and 4 become conditions under 
which the prescribed reproduction signal quality can be achieved as is shown in Figures 12. 

[0072] 

In the following, the operation and effects of the present invention will be explained with 
reference to Figures 15. Figures 15 is a diagram illustrating the correlation between the relative 
position of dTlp and jitter in the reproduction signal of the recording mark when the reference 
table shown in Figures 8 (classification of the recording pulse parameter into two groups with 
recording mark length of 4T and of 5T or longer) is used for the recording parameter for falling 
position dTlp of the tail pulse, and the dTlp position of 5T or longer is changed in the relatively 
forward direction (the direction opposite to the direction of time progression) with respect to the 
time axis direction with respect to the dTlp position of 4T. That is, as is shown in Figures 4 and 
5, because the time progression direction is from left to right in the figure, the dTlp position of 
5T or longer is changed toward the left side. Also, the value of dTlp is set in time based on the 
falling position of the recording information according to each recording mark length. Here, 
clock interval T is about 3.8 ns, and the position of dTlp is shifted (moved) in increments of 
T/16. As shown in Figures 15, as the position of dTlp of 5T or longer with respect to the position 
of dTlp of 4T is moved in the relatively forward direction (the direction opposite to the time 
progression direction), once jitter is reduced, it then deteriorates (more specifically, the jitter is 
gradually improved up to the relative position of "-3", and the jitter then gradually deteriorates 
beyond the relative position of "-3"). When said dTlp is changed, there is no change in the value 
of tail pulse width Tip. Consequently, when dTlp is changed, the falling position of head pulse 
width Ttop becomes closer to the rising position of Tip. In this case, dTlp of 5T or longer can be 
changed in the direction opposite to the time progression direction to a position where the falling 
position of Ttop and the rising position of Tip do not overlap. 
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[0073] 

The reasons for the change in said jitter are as follows. First of all, as the recording mark 
length becomes longer, the intermediate period between the head pulse and the tail pulse 
becomes longer. Consequently, heat accumulation at the rear edge of the recording mark 
becomes more significant. As a result, by moving the position of dTlp for a long recording mark 
length forward, it is possible to shorten the intermediate period, heat accumulation at the rear 
edge is reduced, and jitter becomes less significant compared to when the intermediate period is 
not shortened. However, when the position of dTlp is moved significantly forward, the 
intermediate period becomes too short so that the heat for forming the rear edge of the recording 
mark becomes insufficient, and jitter worsens. From the results shown in Figures 15, if the 
relative position of dTlp beyond 5T is in the range of — T/16 to -5T/16 with reference to a dTlp of 
4T (here, the backward direction with respect to the time axis direction (time progression 
direction) is represented as +), jitter becomes 7.0% or less, and the result is good. 



[0074] 

As explained above, there is a reference table defined with respect to the recording 
parameter for controlling at least the heat at the rear edge of the recording mark, and said 
reference table has classifications according to the mark length among said recording 
information, and those equal to or exceeding the prescribed mark length are classified in the 
same group. Test recording is performed using the test recording parameter set based on said 
reference table. When the test recording is reproduced and the prescribed reproduction signal 
quality is not achieved, the reference table corresponding to those equal to or exceeding said 
prescribed mark length is re-classified according to mark length more finely, and test recording 
is performed. Then the test recording is reproduced to determine which reference table can 
achieve the prescribed reproduction signal quality. As a result, the number of recording 
parameters in use can be minimized, and by controlling heat at the rear edge where recording 
mark formation comes to an end, the effect of the accumulated heat can be compensated, so that 
recording marks with good reproduction signal quality can be formed (the prescribed 
reproduction signal quality can be achieved). 



[0075] 

Because the rear edge of the recording mark is more prone to the effects of heat than the 
front edge and other regions, when recording marks are formed with the prescribed recording 
mark length or longer, the recording marks can be formed with the prescribed reproduction 
signal quality by simply controlling heat at the rear edge. Consequently, according to the present 
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invention, by simply setting the recording parameter for controlling heat at the rear edge, it is 
possible to form recording marks with good reproduction signal quality with a higher reliability. 

[0076] 

When a preset fixed reference table is used in the constitution [in the prior art], because 
the recording condition of the track of the optical disk (2) varies over time, it is impossible to 
change the reference table to match changes in the recording condition of the track, so that it is 
impossible to form recording marks with good reproduction signal quality (achieving the 
prescribed reproduction signal quality) due to the changes in the recording condition of the track. 
On the other hand, according to the present invention, the constitution is such that classification 
of the reference table is reset according to the results from the test recording, so that even when 
the recording condition of the track of optical disk (2) varies over time, it is possible to reset the 
classification of the reference table according to variations in the recording condition of the 
track. Consequently, even when the recording condition of the track varies over time, it is still 
possible to form recording marks with good reproduction signal quality (achieving the prescribed 
reproduction signal quality). 

[0077] 

Also, the following constitution can be adopted as well: the reference table for the 
recording parameter that has been set is recorded in setting region (41) of optical disk (2), and 
when the recording parameter is to be set later, the reference table recorded in setting region (41) 
is read by optical disk device (1) for use. For example, when the reference table of the recording 
parameter determined at falling position dTlp of the tail pulse is like that shown in Figures 10, 
said information is recorded in setting region (41) of optical disk (2). As a result, optical disk 
device (1) can read the information of the reference table shown in Figures 10 from setting 
region (41) for use later when setting recording parameter dTlp. 

[0078] 

According to the aforementioned constitution, the reference table for the recording 
parameter set by performing a test recording beforehand can be used as the test recording 
parameter in a new round of recording, so that it is possible to reduce the number of repetitions 
the test recording required to determine the recording parameter. Also, because the reference 
table for the preset recording parameter is recorded in setting region (41) of optical disk (2), 
there is no need to put it in the memory or other storage device again. 
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[0079] 

In this embodiment, the recording parameter is used in the form of a reference table. This 
is not restrictive, however. A scheme can also be adopted in which a collection of the recording 
parameters is stored in the storage part. 

[0080] 

In said embodiment, in the classification specifications for the reference table, 
classification is performed stepwise from a shorter mark length. This is not restrictive, however. 
However, the shorter the recording mark length, the higher the frequency generated in the data 
recorded in user region (42). In the test recording, there is usually no need to use the data 
recorded in user region (42) as is. By using random data, good reproduction signal quality can be 
obtained easily when classification of the recording mark length is made stepwise, and this is an 
advantage. Also, when the recording mark length is classified stepwise from the shorter 
recording mark length, it is possible to have a minimum number of classifications that can 
achieve the prescribed reproduction signal quality, so that it is easy to set the number of 
recording parameters of a reference table to the minimum number that can achieve the prescribed 
reproduction signal quality. 

[0081] 

Although recording mark length was used in the present embodiment as the recording 
information characteristic classified according to a reference table, this is not restrictive. For 
example, recording mark length and space length can comprise recording information, and can 
be classified according to a reference table. In this case the number of recording parameters can 
be limited as in this embodiment by changing the classification of only recording mark length 
and not that of space length. 

[0082] 

Also, in the present embodiment, the explanation of an example of a reference table has 
involved falling position dTlp of the tail pulse. However, even if a reference table is used that 
applies to Tip representing the width of the tail pulse or cooling end position dTe for ending the 
cooling period, it is still possible to control heat at the rear edge of the recording mark, so that 
the same effect can be obtained. When the recording mark length is 4T or longer, in addition to 
the pulse sequence shown in Figures 5 with two pulses, that is, a head pulse and a tail pulse, 
there are also other pulse sequences, such as the pulse sequence shown in Figures 1 3 in which, 
by having intermediate power Pm and recording power Pw identical to each other, the recording 
mark consists of a single recording pulse, and the pulse sequence shown in Figures 14 in which 
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recording power Pw of the tail pulse and intermediate power Pm made identical. In the case 
shown in Figures 13 and 14, because Tip representing the width of the tail pulse is absent, falling 
position dTlp of the tail pulse shown in Figures 13 and 14 may be used. That is, when the 
recording medium that produces the pulse sequence as shown in Figures 13 and 14 is used, a 
reference table for falling position dTlp of the tail pulse may be used. In this case, as shown in 
Figures 13, when dTlp is changed, it is possible to make a change in the direction opposite to the 
time progression direction as long as the position of dTtop and the position of dTlp are not 
superposed. Also, as shown in Figures 14, when dTlp is changed, change can be made in the 
direction opposite to the time progression direction to a position where the falling position of 
Ttop and the position of dTIP are not superposed. 

[0083] 

In the present embodiment, head rising position dTtop is used as the recording parameter 
for controlling heat at the front edge. This is not restrictive, however, and width Ttop of the head 
pulse may also be used as the recording parameter. 

[0084] 

In said embodiment, the constitution is such that the recording parameter for controlling 
heat at the front edge is not reset by the test recording. This is not restrictive, however. For 
example, one may also adopt a scheme in which in addition to the recording parameter for 
controlling heat at the rear edge, the recording parameter for controlling heat at the front edge is 
reset according to the test recording. In this case, just as in the case of resetting the recording 
parameter for controlling heat at the rear edge, resetting of the recording parameter for 
controlling heat at the front edge is performed. 

[0085] 

In the present embodiment, the following two process steps are performed in recording 
parameter setting part (21): in one process step, for the recording parameter group for controlling 
heat at the front edge, recording mark lengths of the prescribed recording mark length or longer 
are classified in the same group (the first step), and in another process step, the recording 
parameter group for controlling heat at the rear edge is classified according to at least the 
recording mark length in said recording information, and at the same time, recording mark 
lengths of the prescribed recording mark length or longer are more finely classified than for said 
recording parameter for controlling heat at the front edge (the second step). However, the 
constitution may be such that the process steps (first and second process steps) are performed 
with different means respectively corresponding to them. 
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[0086] 

According to the present embodiment, in the reference table for the initial test recording, 
those having a recording mark length of 4T or longer are classified in the same group. This is not 
restrictive, however. Any positive integer can be adopted as long as it is the prescribed recording 
mark length or longer. Here, said prescribed recording mark length or longer means that the 
recording mark length can be set arbitrarily, according to the type of the information recording 
medium (optical disk (2) in this embodiment), such that it is expected that control of the 
recording parameter of the rear edge can be done independently with the recording parameter of 
the front edge, that is, it expected that the rear edge will not be affected by heat accumulated at 
the front edge of the recording mark. 

[0087] 

In the present embodiment, the case has been explained in which jitter is used in 
evaluating the reproduction signal quality of the test recording. This is not restrictive, however. 
For example, error rate or the like can also be used in evaluating the reproduction signal quality, 
and anything can be used as long as it is an index useful for evaluating the reproduction signal 
quality of the test recording. 

[0088] 

In this embodiment, (1,7) RLL code is used as the run length restriction code with d = 1. 
This is not restrictive, however. Other modulation system or other codes may be used as well. 

[0089] 

In the present embodiment, optical disk device (1) for optical modulation recording is 
used. This is not restrictive, however. An optical disk device for magneto-optical modulation 
recording may be used as well. In addition, in the present embodiment, optical disk device (1) is 
used as an example of the recording/reproduction device. This is not restrictive, however. For 
example, any device that can record information by changing the physical characteristics of an 
information recording medium by heating it, such as a magnetic recorder, magneto-optical disk 
device, etc., can be used as well as optical disk device (1). 

[0090] 

The present invention is not limited to the aforementioned embodiments. Various 
changes can be made within the range shown in the claims. The technical schemes disclosed in 
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different embodiments can be combined appropriately to be included within the technical scope 
of the present invention. 

[0091] 

The present invention also provides a recording parameter setting device having the 
following parts: a test parameter setting means which performs classification according to at 
least the recording mark length in said recording information, and, at the same time, which 
classifies those of the prescribed recording mark length or longer in the same group, and checks 
the storage part that stores the recording parameter group for controlling at least the heat at the 
rear edge as the region where formation of said recording mark ends in order to set the recording 
parameters for performing test recording; and a reproduction signal quality judgment means 
which works as follows: when the reproduction signal obtained by reproduction of the test 
recording performed according to said test recording parameters fails to achieve the prescribed 
reproduction signal quality, classification of those of the prescribed recording mark length or 
longer of said recording parameter group is classified more finely, and test recording is 
performed again; on the other hand, when said reproduction signal achieves the prescribed 
reproduction signal quality, the test recording parameters are set as said recording parameters. 

[0092] 

According to said invention, for the recording parameter group for controlling heat of at 
least at the rear edge of the recording mark, those having the prescribed recording mark length or 
longer are classified in the same group, so that by comparison to the case in which said recording 
parameter group is classified for each different recording mark length, it is possible to reduce the 
overall number of recording parameters. 

[0093] 

In addition, said classification is performed according to the recording mark length. More 
specifically, one common value, or a common change quantity, is given to the recording 
parameter according to the recording mark lengths summarized as a group. 

[0094] 

According to said invention, the test recording parameter for test recording is set with the 
test recording parameter setting means according to the recording information, the test recording 
done according to said test recording parameters is reproduced, and a judgment is made on 
whether the obtained reproduction signal achieves the prescribed reproduction signal quality. In 
the reproduction signal quality judgment means, the following operation is performed: when the 
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reproduction signal fails to achieve the prescribed reproduction signal quality, classification of 
those having the prescribed recording mark length or longer of said recording parameter group is 
classified more finely, and test recording is performed again. On the other hand, when the 
reproduction signal achieves the prescribed reproduction signal quality, as the test recording 
parameter is set as said recording parameter allowing the recording parameter that achieves the 
prescribed reproduction signal quality to be determined as the number of classifications of said 
recording parameter group is increased. Consequently, it is possible to further reduce the number 
of classifications of the recording parameter group once the recording parameter that achieves 
the prescribed reproduction signal quality is determined. In addition, because the recording 
parameter is determined for controlling heat at the rear edge, which is more susceptible to the 
effects of heat from the other regions of the recording mark, it is possible to compensate for the 
effects of heat accumulated at the rear edge, and it is possible to form recording marks with good 
reproduction signal quality. 

[0095] 

As a result, it is possible to reduce the number of recording parameters in use, and it is 
possible to form recording marks with good reproduction signal quality with high reliability. 

[0096] 

The various means in said recording parameter setting device can be implemented by 
means of a program on a computer. In addition, by storing said program in a recording medium 
that can be read by the computer, it is possible to execute said program on any computer. 

[0097] 

For the recording parameter setting device with said constitution, the following scheme is 
preferred: for said reproduction signal quality judgment means, when said reproduction signal 
fails to achieve said prescribed reproduction signal quality, said classification for those having 
the prescribed recording mark length or longer of said recording parameter group is re-classified 
as those having the prescribed recording mark length and those having another recording mark 
length. 

[0098] 

As a result, the number of classifications of the recording parameter group is stepwise 
increased one increment at a time to determine the recording parameter that can achieve the 
prescribed reproduction signal quality. Consequently, the number of classifications of the 
recording parameter group when the recording parameter that achieves the prescribed 
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reproduction signal quality even more reliably becomes the smallest value among the numbers of 
classifications of the recording parameter group obtained for the recording parameter that can 
achieve the prescribed reproduction signal quality. Consequently, it is possible to limit the 
number of recording parameters in use to the minimum value, and it is possible to form 
recording marks that can obtain even better reproduction signal quality. 

[0099] 

For the recording parameter setting device with said constitution, it is preferred that said 
recording parameter be the tail falling position of the pulse sequence for said recording mark. 

[0100] 

As a result, for the tail falling position of the pulse sequence for the recording mark 
serving as the recording parameter, it is possible to reduce the number of recording parameters in 
use, and it is possible to form recording marks that can obtain good reproduction signal quality 
with even higher reliability. 

[0101] 

Also, for the recording parameter setting device with said constitution, it is preferred that 
said recording parameter be the width of the tail pulse of the pulse sequence for said recording 
mark. 

[0102] 

As a result, by using the width of the tail pulse of the pulse sequence for the recording 
mark, it is possible to reduce the number of recording parameters in use, while forming recording 
marks with good reproduction signal quality with even higher reliability. 

[0103] 

Also, the present invention provides a recording parameter setting device for setting the 
recording parameters for forming recording marks on the information recording medium 
corresponding to the recording information with the following feature: while classification is 
performed according to at least the recording mark length in said recording information, the 
recording parameter setting device includes said recording parameters comprising a recording 
parameter group in which those having the prescribed recording mark length or longer are 
classified in the same group and which serves to control heat at the front edge of said recording 
mark, and a recording parameter group, comprising the recording parameter for controlling heat 
at the rear edge of said recording mark, which has a finer classification of those having the 
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prescribed recording mark length or longer, than that for the recording parameter for controlling 
heat at the front edge of said recording mark, wherein classification is performed according to at 
least the recording mark length in said recording information. 

[0104] 

As a result, compared with the recording parameter group for controlling heat at the front 
edge of the recording mark, in this scheme the recording parameter group for controlling heat at 
the rear edge of the recording mark can be classified more finely, so that it is possible to reduce 
the total number of recording parameters as compared with increasing the number of 
classifications for both the recording parameter group for controlling heat at the front edge and 
the recording parameter group for controlling heat at the rear edge. Also, because the rear edge 
of the recording mark is more susceptible to the effects of heat from the other regions of the 
recording mark, finer classification of the recording parameter group for controlling heat at the 
rear edge makes it possible to achieve more precise control of heat at the rear edge as the 
position where recording mark formation ends, and it becomes possible to form recording marks 
with good reproduction quality where the effects of accumulated heat is compensated. 

[0105] 

As a result, while the number of recording parameters in use is reduced, it is possible to 
form recording marks with high reproduction signal quality with even higher reliability. 

[0106] 

For the recording parameter setting device with said constitution, it is preferred that the 
tail falling position of the pulse sequence for said recording mark be used as the recording 
parameter for controlling heat at the rear edge of said recording mark. 

[0107] 

As a result, it is possible to use the tail falling position of the pulse sequence for the 
recording mark as the recording parameter for controlling heat at the rear edge so that it is 
possible to form recording marks with good reproduction signal quality with even higher 
reliability while limiting the number of recording parameters in use. 

[0108] 

For the recording parameter setting device with said constitution, it is preferred that the 
width of the tail pulse of the pulse sequence for said recording mark be used as the recording 
parameter for controlling heat at the rear edge of said recording mark. 
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[0109] 

As a result, with the width of the tail pulse of the pulse sequence for the recording mark 
used as the recording parameter for controlling heat at the rear edge of the tail pulse in the pulse 
sequence for the recording mark, it is possible to form recording marks with good reproduction 
signal quality with even higher reliability while limiting the number of recording parameters in 
use. 

[0110] 

Also, for the recording parameter setting device with said constitution, it is preferred that 
the cooling end position according to the end of the cooling period of the pulse sequence for said 
recording mark be used as the recording parameter for controlling heat at the rear edge of the 
recording mark. 

[0111] 

As a result, with the cooling end position according to end of the cooling period of the 
pulse sequence for the recording mark used as the recording parameter for controlling heat at the 
rear edge, it is possible to form recording marks with good reproduction signal quality with even 
higher reliability while limiting the number of recording parameters in use. 

[0112] 

Here, it is preferred that the head rising position of the pulse sequence for said recording 
mark be used as the recording parameter for controlling heat at the front edge of said recording 
mark in the recording parameter setting device with said constitution. 

[0113] 

As a result, with the head rising position of the pulse sequence for the recording mark 
used as the recording parameter for controlling heat at the rear edge [sic; front edge], it is 
possible to form recording marks with good reproduction signal quality with even higher 
reliability while limiting the number of recording parameters in use. 

[0114] 

Also, for the recording parameter setting device with said constitution, it is preferred that 
the width of the head pulse of the pulse sequence for said recording mark -be used as the 
recording parameter for controlling heat at the front edge of said recording mark. 
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[0115] 

As a result, with the width of the head pulse of the pulse sequence for the recording mark 
used as the recording parameter for controlling heat at the front edge of the pulse sequence for 
the recording mark, it is possible to form recording marks with good reproduction signal quality 
with even higher reliability while limiting the number of recording parameters in use. 

[0116] 

Also, for the recording parameter setting device with said constitution, it is preferred that 
classification for those having the prescribed recording mark length or longer of the recording 
parameter group for controlling heat at the rear edge of the recording mark be a classification 
into those having the prescribed recording mark length and those having recording mark lengths 
other than said prescribed recording mark length. 

[0117] 

As a result, classification refined for the recording parameter group for controlling heat at 
the rear edge of the recording mark while reducing the number of classifications by one for the 
recording parameter group for controlling heat at the front edge of said recording mark. 
Consequently, it is possible to form recording marks with good reproduction signal quality with 
even higher reliability while limiting the number of recording parameters in use. 

[0118] 

Also, for the recording parameter setting device with said constitution, it is preferred that 
classification for those having the prescribed recording mark length or longer of the recording 
parameter group for controlling heat at the rear edge of the recording mark be a classification into 
those having the prescribed recording mark length and those having recording mark lengths other 
than said prescribed recording mark length, and that the recording parameter for the recording 
mark lengths other than said prescribed recording mark lengths be set at a different value from 
that of the recording parameter for said prescribed recording mark length. 

[0119] 

As a result, classification is performed with a different value for the recording parameter 
for a recording mark length different from the prescribed recording mark length compared to that 
for the prescribed recording mark length. As a result, even when jitter worsens and the recording 
mark length other than said prescribed recording mark length becomes longer, it is still possible 
to set the recording parameter for recording mark lengths different from the prescribed recording 
mark length independently from the recording parameter for the prescribed recording mark 
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length, so that heat accumulation at the rear edge can be reduced. Consequently, it is possible to 
form recording marks with good reproduction signal quality with even higher reliability while 
limiting the number of recording parameters in use. 

[0120] 

Also, for the recording parameter setting device with said constitution, it is preferred that 
the recording parameter for controlling heat at the rear edge of the recording mark be the tail 
falling position of the pulse sequence for said recording mark, and at the same time, the tail 
falling position of the pulse sequence for a recording mark length different from said prescribed 
recording mark length be set such that it is relatively shifted along the time axis, in the direction 
opposite to the time progression direction, with reference to the fall position of the recording 
information corresponding to each recording mark length with respect to the tail falling position 
of the pulse sequence having said prescribed recording mark length. 

[0121] 

As a result, it is possible to reduce heat accumulation at the rear edge of the recording 
mark that increases due to an increasing intermediate period between the head pulse and the tail 
pulse as the recording mark length increases. That is, it is possible to shorten the intermediate 
period and to reduce heat accumulation at the rear edge to produce less jitter by relatively 
shifting the tail falling position of the pulse sequence for a recording mark length other than the 
prescribed recording mark length that is longer than the prescribed recording mark length. 

[0122] 

In addition, for the recording parameter setting device with said constitution, it is 
preferred that said prescribed recording mark length be 4T or longer. 

[0123] 

As a result, it is possible to reduce heat accumulation at the rear edge with respect to the 
recording mark length longer than the recording mark length where the effect of heat 
accumulation at the front edge of the recording mark is not expected to be received by the rear 
edge, that is, where it is expected that the recording parameter for the rear edge can be controlled 
independently of the recording parameter for the front edge. Consequently, it is possible to form 
recording marks with good reproduction signal quality with even higher reliability while limiting 
the number of recording parameters in use to the minimum. 
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[0124] 

Also, the present invention provides an information recording medium in which the 
recording parameters set with any of said recording parameter setting devices are recorded in a 
prescribed region. 

[0125] 

For said information recording medium, it is possible to form recording marks with good 
reproduction signal quality with even higher reliability while limiting the number of recording 
parameters in use. 

[0126] 

Also, the present invention provides an information recording medium with the following 
features: the information recording medium has recording parameters for forming the recording 
marks according to the recording information; and said recording parameters comprise the 
following recording parameter groups: a recording parameter group, which, while effecting 
classification according to at least the recording mark length in said recording information, 
serves to control heat at the front edge of said recording mark, with those of the prescribed 
recording mark length or longer being classified in the same group, and a recording parameter 
group, which, while effecting classification according to at least the recording mark length in 
said recording information, serves to control heat at the rear edge of said recording mark, with 
those of said prescribed recording mark length or longer being classified in the same group. 

[0127] 

For the information recording medium with said constitution, while the recording 
parameter group for controlling heat at least at the front edge of the recording mark has 
classification in the same group for the prescribed recording mark length or longer, the recording 
parameter group for controlling heat at the rear edge has classification in the same group for 
recording mark lengths longer than the prescribed recording mark length. It is therefore possible 
to reduce the total number of recording parameters compared to the case in which the 
aforementioned recording parameter group is classified into different groups for all of the 
recording mark lengths. 

[0128] 

Also, compared with the recording parameter group for controlling heat at the front edge 
of the recording mark, it is possible to more finely classify the recording parameter group for 
controlling heat at the rear edge of the recording mark. Consequently, it is possible to limit the 
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total number of recording parameters compared to an increase in the number of the 
classifications that applies to both the recording parameter group for controlling heat at the front 
edge and the recording parameter group for controlling heat at the rear edge. 

[0129] 

As a result, it is possible to form recording marks with good reproduction signal quality 
with even higher reliability while limiting the number of recording parameters in use. 

[0130] 

Also, the present invention provides a recording/reproduction device containing an 
optical pickup for performing recording/reproduction to/from the information recording medium, 
and any of said recording parameter setting devices. 

[0131] 

With said recording/reproduction device it is possible to form recording marks with good 
reproduction signal quality with even higher reliability while limiting the number of recording 
parameters in use. 

[0132] 

The present invention provides a recording parameter setting method with the following 
feature: the recording parameter setting method is for setting recording parameters for forming 
recording marks corresponding to the recording information on an information recording 
medium; the method includes the following process steps: a test recording parameter setting step 
in which the following operation is performed: for the storage part that stores the recording 
parameter group for controlling heat at least at the rear edge of said recording mark as the 
position where recording mark formation ends with classification being made according to at 
least the recording mark length in said recording information, and at the same time, with those 
having the prescribed recording mark length or longer being classified in the same group; and a 
reproduction signal quality judgment step in which the following operation is performed: when 
the reproduction signal obtained by reproduction of the test recording performed according to 
said test recording parameters fails to achieve the prescribed reproduction signal quality, 
classification for those having the prescribed recording mark length or longer of said recording 
parameter group is refined for recording, and if the reproduction signal achieves the prescribed 
reproduction signal quality, the test recording parameters are set as said recording parameters. 
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[0133] 

According to said recording parameter setting method, it is possible to form recording 
marks with good reproduction signal quality with even higher reliability while limiting the 
number of recording parameters in use. 

[0134] 

Also, the present invention provides a recording parameter setting method with the 
following feature: the recording parameter setting method is for setting the recording parameters 
for forming recording marks corresponding to the recording information on an information 
recording medium; the method includes the following process steps: a first recording parameter 
group classification step in which the recording parameter group for controlling heat at the front 
edge of said recording mark is classified according to at least the recording mark length of said 
recording information, and at the same time, those having the prescribed recording mark length 
or longer are classified in the same group; and a second recording parameter group classification 
step in which the recording parameter group for controlling heat at the rear edge of the recording 
mark is classified at least according to the recording mark length in said recording information, 
and, at the same time, those having the prescribed recording mark length or longer are classified 
more finely than the recording parameter for controlling heat at the front edge of said recording 
mark. 

[0135] 

With said recording parameter setting method, it is possible to form recording marks with 
good reproduction signal quality with even higher reliability while limiting the number of 
recording parameters in use. 

[0136] 

Finally, the various parts of recording parameter setting part (21) and the various 
processing process steps in said embodiments can be realized by a CPU or other arithmetic and 
logic operation means in executing programs stored in ROM (read-only memory), RAM and 
other storage means, and by control keyboards or other input means, display or other output 
means, and interface circuits or other communication means. Consequently, the computer having 
said means reads the recording medium that has said programs stored there and executes said 
programs to realize the various functions and various processing operations of the recording 
parameter setting part (21). Also, by recording said programs on removable recording media or 
other recording media, it is possible to realize said various functions and various processing 
operations on any computer. 
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[0137] 

Said recording medium may be a memory, not shown in the figure, such as a ROM or 
other program media, for performing processing with a microcomputer. A scheme can also be 
adopted in which a program reading device is provided as an external storage device, not shown 
in the figure, and reading the program media is enabled by inserting the recording medium there. 

[0138] 

In any case, it is preferred that the stored program be constituted to allow access and 
execution by a microprocessor. In addition, the following system is preferred: the program is 
read, and the read program is downloaded into the program storage area of the microcomputer 
for execution of the program. In addition, the program for downloading is pre-stored in the main 
body of the device. 

[0139] 

Examples of said program media include recording media with a constitution that can be 
separated from the main body, such as magnetic tape, cassette tape, and other tapes, floppy disks, 
hard disks, and other magnetic disks, CD/MO/MD/DVD, and other disks, IC cards (including 
memory cards) and other cards, as well as mask ROM, EPROM (erasable programmable read- 
only memory), EEPROM (electrically erasable programmable read-only memory), flash ROM, 
and other semiconductor memories, and other fixed program-carrying recording media, etc. 

[0140] 

Also, if there is a system constitution that allows connection to the internet or another 
communication network, recording media that can support the program in a fluid way for 
downloading the program from the communication network are preferred. 

[0141] 

In addition, in the case of downloading a program from said communication network, it is 
preferred that the program for download be pre-stored in the main body of the device, or be 
installed from another recording medium. 

Industrial application field 
[0142] 

As explained above, according to the present invention, it is possible to form recording 
marks with good reproduction signal quality with even higher reliability while limiting the 
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number of recording parameters in use. Consequently, the present invention can be preferentially 
adopted in various industrial fields where optical disks, magneto-optical disks or other 
information recording media are used, especially industrial fields that make use of information 
recording media allowing high speed recording. 

Brief description of the figures 
[0143] 

Figures 1 is a functional block diagram illustrating an embodiment of the controller of the 
optical disk device in the present invention. 

Figures 2 is a block diagram illustrating an embodiment of said optical disk device. 

Figures 3 is an oblique view illustrating an optical disk having information recorded 
using said optical disk device. 

Figures 4 is a time chart illustrating setting of the pulse sequence corresponding to the 
recording information. 

Figures 5 is a time chart illustrating the pulse sequence and the recording pulse 
parameters for forming the recording marks with recording mark lengths ranging from 2T to 9T. 

Figures 6 is a flow chart illustrating the operation of setting the recording parameters in 
the present invention. 

Figures 7 is a diagram illustrating an embodiment of a reference table of the present 
invention. 

Figures 8 is a diagram illustrating an embodiment of a reference table of the present 
invention. 

Figures 9 is a diagram illustrating an embodiment of a reference table of the present 
invention. 

Figures 10 is a diagram illustrating an embodiment of a reference table in the present 
invention. 

Figures 1 1 is a diagram illustrating an embodiment of a reference table in the present 
invention. 

Figures 12 is a diagram illustrating change in jitter relative to the conditions of a 
recording parameter. 

Figures 13 is a time chart illustrating an example of a pulse sequence and a recording 
pulse parameter for forming recording marks having recording mark lengths ranging from 2T 
to 9T. 

Figures 14 is a time chart illustrating an example of a pulse sequence and a recording 
parameter for forming recording marks having recording mark lengths ranging from 2T to 9T. 



45 



Figures 15 is a diagram illustrating change in jitter relative to the conditions of a 
recording parameter in the present invention. 

Figures 16(a) and (b) are diagrams illustrating an example of a reference table recorded 
on an optical disk according to the present invention. 

Figures 17 is a diagram illustrating a reference table pertaining to the prior art. 

Figures 18 is a diagram illustrating a reference table pertaining to the prior art. 
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-*^3*T|B»/*9;* -*K£I&f1s*#*T3** ^t^^o i i "CS 9 i: -£?>0r 

7*4**2) %?<Dm:&tfh^z*mfei,x&MKWi&-r&mx$>2> 0 ntkm^&nt l 

[0 0 4 9 ] 

fE»»**SB2 7fi> S;t#^-p D p®*lJ^2 6 btlX 9 KfeoX 

%T4 * 9 2 Oi-ft* 4 2 fcfE«ttfls£fr 9<t?l^'^7? ^SMEIK 1 3 * J: 
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[0 0 5 0 ] 

&t> ytr-t *9^w i K&if&tzm^y * - ^c7)is:5Eijjf^tco^T, H6~i i*ffl 

[0 0 5 1 ] 

fHof¥L<l4, SE«tif*fc£^v>t\ £f 1412 7 £ 4:^12 1 1 c7)4 ? £#bb^-:^£ 

SE»tit *ft 15^ v-^fi*»4Tfil±fiofc K (4 , # M -r- 7 ^Mmr & frm <T> ffi. 

(id-ef4, b4) itiMs*?* ~9 t LT^t^o «x.tfr % 7"7*;vh<7)|S:^t LT 
f4, :c*^liTtop, £ £f4d T 1 p OfiSSr^i&K^LTimtf J:v>„ 

[0 0 5 2 ] 

ifc, 121 1 {4^ IB»v-^*^|ftLtt**ft1t^ife*«ffiyyoJ!!t*«II«l-r4fc*W 
7)V^LTV^ 0 HI l-e»4. fflftv-^ft* 2T\ 3T, 4 TW±«3tiC^L 

[0 0 5 3 ] 

±i£Lfc 4 ? 07*^^1 1 <7)#M-r-r;i/f4r f 'f * 9 <T>WLfcRW& 4 1 MESfcS 

> «LSE»^9*-*Si!5eSB2 3 14, 4&jW§S3 0#ra-r-^;vS:#ML"CHL|Be^9> 
- 9 <r>WL'm*i-T n o ££T*4> 4 T 4 ») ft</>SB»v- * S (5TJW±) ^JtFSS/^^^^A 
T«9##d T 1 pt:JtLT, 4 T t PI CfltU o ± V) , b 4 *WLffi«'f 9* -*Kj£SU 2 
3 KKSe"*-4o ifc, 4 T4 (5 TJ£l±) ^I4±DfiIdT topC 

WU, 4T^tt,oit), c 4 SrWLfEtfS^;*- *&£gB 2 3 «L 
|B^n*7p< -^KS5ffl$2 3 J4, 5 T&±K4 TfcHEffifcgg5£-*-4 0D-r, 9TIW*1 

ltLiei^7^ -^^^gB2 3 14, 4 Ti^ 9 TCI^i:|Sft^5^-^©ffitS5lL, « 

<b*^ffit lt4 T<Dmikme>m.zwm-r2> 0 

[0 0 5 4 ] 

T'S 3 t^4, S*LfE»f&jF5B2 4ri«, St LIE©'* 5 * - 9 ISi'mffi 2 3 "CggiSS *L 

k, e?*r?:/e»isai 3* «tu f u--»f«i&iaE&i 4 jk^t, 

i/f5^^^ofc*f^^ 2<7)|£5effl<Hj£^<?)if$ft<?)iE^£ > Kl 1 H^f*? 

* LT, Xx ? 7*S 5-CI4, yt^y K 1 1 ^4 oT^f^if i(?)B4^ot, ?f& 
ID SI 1 5 CTStff^ii, 
[ 0 0 5 5 ] 
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-?/S8i:«So ^LT, ^W£#^7^5e^?f£#^p c pS|£tiSt*: LT^i^ofci^ 
Uf^S7TN0) KldU J*x? 7°S 9 t»* 0 jfr$E<7>SM^-p D pff£ 

LT, v>y *j&*jfrieffi 6. 5 96WT) *t*fc-f-jH5*K: «t o T, S4#^3f 

SE<r>ff£#-^p D n fj * ffi tz -T fr<?>m Je *ff 9 o 
[0 0 5 6 ] 

2 6 K «fc o TflB«»^85 2 7 fc»fc*l4 0 ^4 *J > SferV 2 <OX-~*fm.&4 2 fc^R* 
[0 0 5 7 1 

7°S 9 -CJi, W^#-^-a c p®flJ^2 6 CioT, S« LfB»/*9 - * KSBSB 2 3 
#J!B& t #M -r - 7" jw* is »t & 5WKSfc** Br jc-fit JSl± -C* o is^ fr<r>m 5c * ff 1 o f U 
f , ^^#B87 v -7*^^^Mt«>^M^C/6^5E'fitJ ! U±T^o7t:^ (Xt7 7'S 9TYES 

Ufy^S9fN0) Kti> y^S 1 lCiSo ±E0r5lii:o^T 
WT-egiWi-So *#«lJKtf!)*W& £H7 -c(±#Mx-^)K75^«Stfi l ot*s 0 * 

*tt^S|-Ctt, Jfcfc £>fB»v 9 T 4 T**e> 9T*T3WHHIt^lH 

iSr^^P 2 3^^t^#ra^-^^^^lt^^^7#/ii:S^'i-i-p c pfi#iJ^2 6** 
*-ry/S SI 7 <7)#ra-r- ^K^^^i** 6<f@T-&& W&M-* 

9 ;* - * KSSSB 2 3 #1*3? L 7b #fla T-yfrKSslfZ frm$L& 6 /i t W^m^ fif!*U 
£^2 6 f^S9 TMajjg L fc § , 12 7 0#BB.x - :7/K00«fc©*:fctt tmC"C 

irCV>4£fc£*fctfJTirtefc-rfcfcie>K, t*LfEg5^9>-*Ig;5eg&2 3^BS^L/c#HBt- 

[0 0 5 8] 
[0 0 5 9 ] 

£«L3B»/*9;* - *!£$e£&2 3^&* t t <bfc, +&M3 jW?*iti/^#If- f 
a»4#>o y/UOSHH*, 12 8 fc^i" «fc 9 4 T t 5 T W± t KM LTO 2 SI 

£ 5 TJsLtto fattens 7^ - ^^isiM^^sinwtPLT^Lis^^tf o it* s -ei 

&o fit, l*Lffi»^9^-^ggM^«r$»t^«LIEe^9p«-^ia;5eSIS2 3 >6>\ Iff 
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fflv^o Lt, d 9 ^Bax-^^^t* (i, IS 1 0 ^^-T <t -?£4T<>:5T£6T£: 
[0 0 6 0 ] 

t<vm%x4 t j^L_h (^5eib^^-^sw±) i~ zixx^&rf, t^iti 
*>, ±.mk^y i?<DWi*mm-tz>tztb<DmM7-~7')\'\±, tum^y "j^m^mm-r^tz 

[0 0 6 1 ] 

2 tz , ± & L tz m y 'J <r> m * ffl M T & tz ib <D # m r ~ f t %. x. y y <r> m £ ffl $j -f & 
tz^<D^m^-y")Vt<Do ±.mkz-y iS<r)$&*mm^&tz)b<DBM^-y'frl±, ±fE 

y v <7)S £ wm-t & fzisb^Mr- — y^x. v tid^< %-m. ztix^&T-r^t 

%5 l tzm& xfe®3 3 Kmm znx^zm^y v<vm*um-fz>tzsb<o^w.y- -y^t & 
^m-T-7)v\$, ±tzm^y^<vm*mm-rz>fz$><DBMT-y')\'j: ^ i>w^m^<^m. 

%-MLtz) &zxyis<Dm*mm?&tzfr<Dmmf--7frtz&t?c\ttt£2> 0 

[0 0 6 2 ] 
[0 0 6 3 ] 

m ? *IT #H9 T - -?)ls<Dfrm Zffl < SB: Sg-T *flt BK * o T V» 4 fi.f Ltift-K 

^!li:LT> 17, 12 8 > 13 9 * J: V~M 1 0 co#re,x- ^K^T^T 3 JcftiW LT 

[ 0 0 6 4 ] 

y^^El 1 0 <0#B8x- ^^co^-g-, |E^-7-^<7)f^^^ ^<^|ft*fllUftl-r*fc* 
o?IES^7^ - d T 1 p WU HI 1 0 c7) J: 9 HfE^-7-^S4 TU±*MT, 5 T 

x 6T\ 7 Ttt±i:^lLTi^?it|, i i: ttz, ffifiv-^wfxy^i* 

[0 0 6 5] 
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Efi^^^-i'dTt op, dTl p fi, |E»v- * Cfcflb&«3B»S *i* £ 

tK4D, H16 (a)* J: CHI 6 ( b ) fc^S *l& «t 9 ftSEft^/u^^^ * - * d T 
top, dTl p(Dm^m^mmit4 1 MfE»$*L*it »c** 0 
[0 0 6 6 ] 

EI 1 6 (a) is <£ CEl 1 6 ( b ) J: ? ffifi^^/<7>- NTto 

1 pli2T, 3 T\ 4T, 5 T iii±<D 4 o<7)|BJ«lc^m? ttT*J^T £ 
Wv^o -T^=b*,, Sfl/<^A7^-^dTt o p^S-f&iWTS^J*^, 
i7^^t&DTt!|^Tt,*LTV^ £ £ *>K % ffifcmim-?-?&&±. (H 1 6 (a) "Cfi 4 

^ ffifcmzm-?-?gi£ «9 ii&^um^r-^S: (mie (b) -ef±5T^±) ?>te**&iw 

[0 0 6 7 ] 

i^ct^ic, # < BS-f--7')W^T f ^ 2 ^gfcjSfflfBflU 1 12*11 3 fr - X , 

tlx-; yS-i«St4fc*0#lf-^J: «J <>Mtc«B^< tLT^4 i £ £ 

J:oT, 3fc7*>f^^ 2 08S!fe®J*4 1 55^#rax--7 , ;i/^^^mi-i t ^ J: oT, 
<Dftm%)%z*n &Zk #T £ £ o 
[0 0 6 8 ] 

[0 0 6 9 ] 

3fcfc, *3M8fc*»t*f1sJB«l*fcov*TH 1 2 £fflv>Ttftl^£tT?o 0 1 2 #BB t r 
[0 0 7 0 ] 

*#lTtt, ^^J^^T^teSd T 1 p<DUM^7J-?kLX, 0 7^1f 
-■7*^ (4 TJULhoSeaav-^SKfl- LTf2l§^;i^^v;>< - * * l oKfr^Lrt: 
£tefflU *fr2tli, i8W#If-^ (4 Tt 5 TJtt±i<7)|e^v-^glcMtT 
!B»Aj^A5>-?*2o|:S^Lfc'{>^) fctefflLfco *#3iLT, H 9 <0 

ilf-yjp (4Tk 5Tk 6 TW± t <^|E#^-^g^M UTKft/f^^?> - * * 
3ot^J(LfctO) fcttJUU *#4 i LT, Hi O^f.f-ZJl' (4Tt5Ti:6 
Tt 7T&±£<z>fE«^-*lfcfc.*|- tTf£^/N°;P^/N°7^ -*£4 o[:^|Lfc^) * 
1$fflLfc 0 09;ltf, «lT^^S^#^ 0 a pS^, 6. 5%BIT^^^ t Lfc»#KI4, HI 

1 > fe# 2 3 J: 9 ^fr^60W^#-^p D 0 M £ti£.-e£ * v»i t fc** 0 

m&Kn, 4kft2<Dmm7--7')i<*&m-t2>k^-otz£iK, m^n^m-^^n^m^. 

[ 0 0 7 1 ] 
[ 0 0 7 2 ] 
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;u^c7)t5rT»9ffimd T 1 p<DUM^7J - * t Lt> HI 8 <7)#BBf- - (4Tt5T£l 
T^dTl p(7)fi(:»Lt, 5 TtodT 1 p <7>#® £ ^M$ft^|n] KM LTffittnU 

i;fft^^ia^^o dT 1 P <7)ffi{±, #i5^v-^5^*fjs-r^>is^if#<7) 

£T^#S£i^i L£l$M-Cl£5eS:ftTw&o - n v ^ fflMTlim 3 . 8 ns 

"C\ T/ 1 6 J£fc-ed T 1 p<r>#S£-f «b Lfc (SitM,*:) ^tn o H 1 5 K^-T ct 
■9 C 4 T<7)d T 1 pOfilK*f LT 5 TVX±.<D d T 1 p<7)#S£, #SB»til $R?>:ftT «9 

-3" S-e[iy'^^t^i:l5ft;^oti>^, fflfcHES "-3" Wl*-cy y k 
S-fkLT^O ifcjW^io dT 1 pSrSWkS*4R, IS-^^iliST 1 p Oflt 

t±^fk$-££v> 0 ioT, dT 1 p SrgE-fb^-fr* ffcS/^^^ffiT t o p <D&T "9 
fc, T 1 p<7>3£±*m^ s ;£c?V>Tl/> < £ t £<7) t 5 TJ^±<?>d Tl pli, 

T t 0 p<v&T*) J txLW.tT 1 p<*>:£±ij#fi5&*m*5>*^te8£-e, BtlW^iifr^lR] t it 



^>'i:§<7)Ii^l<^otv><o Lfci«oT, 5TJ^±, ■otty, K^iEftv-^g 
Lfc»*J: »K 4T<7>dT 1 p£^?ft<b STttiWdT 1 p <7>ffl*M£iBHt* -T/ 



^It- T)^\z.^%. WCm. Ltz&t L1B»/* 9 * ~ 9 K£ V) g£ LKftSrff ^> » LfEli£ W 
v-^g|:ioTIi:ffl^< ^iUBLT, KLfB»*frV», WLgE»*l?£U #t5e<7> 

p d p R ?^J£ "T 4 ) IB « v - ^ Sr J^jft-T 4 £ S * o 



^*w*-r*«»t-e3rs©ff^«#aR*» e>*L*iE«v- ^ z&ifc-t& z t tfmmx$> 

[0 0 7 6] 



[0 0 7 3 ] 



[0 0 7 4 ] 



[0 0 7 5 ] 
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^■ti^So £*ifc#LT\ #&W-Ctt, R LIE^O^^JSCT#HB-jr-r JVOfrMSr 
[0 0 7 7 ] 

lg^L^|E^N'9^-^<7)#M-r-r)W^^;T y ^ 2 <7>|£^ffl|ii^ 4 1 fcfE» 

%T<i 9,9 2<DWLfcmym.4: i k> i <^lt » ^tuu:^ *fa^8t 1 

li, 3fcJsll*fcflB«/<?.* - * d T 1 p ZWt.'m.-f&tztbK, HI 1 0 ro#If- :/)K£>1t 
I£5efflfli5£4 H^g*|tJLTttfflt4ii:^|*. 
[0 0 7 8 ] 

[0 0 7 9 ] 

**Jto»3R-!*»i, SE«^9p« - * ^#Ir-7*^t ^o7t-r-r;K7)^^ lt 
[0 0 8 0 ] 

•9*H« 4 2 KfEtrr & 7* - 9 £ <£ <r> * t m v> & #3? fi * < , ?y yJxKT- 9 Srteffl-J- * 

K * * (7) -C\ #BB -r - ^JKOIE^N* 7 ^ - ? & £^ If p d p K £ ti & £ & 

m<r> m k & m-t & t <t a^j, 1:44 *y & 0 

[0 0 8 1 ] 
[0 0 8 2 ] 
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K&%as*)i'?sV>m&M-rT 1 p^#^L^v^<7)T% mi s&xvmi 4 t*-i-»si^</u^o 

fiT^lfildT 1 p *fOffl-T*Llf «fcv> 0 0^19, Hi 3**0*811 4 fc^-r <fc 9 fc/^* 

7* tiffin t £ . Hi 3 -Ctiu d T 1 p £^-fb?-££l^> d T t o p<7>f£ 

IkdTl p^eit^I^^i^tlJt?, BSMOiflfi^fai: Mfnm^fbS-^&i t 
^'tHo £ 12 1 4 -eti, d T 1 p Sr^fbS I5&> T t 0 p <OScT«9ffiafc d T 1 

[0 0 8 3 ] 

&*s> **tt<O^S8-Cfi, Htr^.^> ? ^«rfiJ^I-ri.7 v k :i?><7)IE^^9^-^ t LTftlfi 
±"9ftffidTt op^fflv^:^ iK-i* LtiitHlS^-f, ftM'^l'^OlIT t o p ZmM 
sty*-9t Ltffl^tU^o 
[0 0 8 4 ] 

f& * flfljfcl -f&tzsb<r) f 5i§/~? 9 ;* - * #D x_ T , f&J-v WWiZMft-tZtzibe) 9 J 
[0 0 8 5 ] 

[0 0 8 6 ] 

[0 0 8 7 ] 

& J: v> 0 
[0 0 8 8 ] 

a*, #**«>5BBlTii, d = i<o?>' vytrz>fflWfc^rb lt (i, 7) rll=j- 

[0 0 8 9 ] 

T, 3fe«#£9iffi«<a:5fe7V ^^g-c&ijg^nffl^&ci ti'-eii, 3£K> #*ifi<7> 
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[0 0 9 0 ] 
[0 0 9 1 ] 

IS^^M - ^I£5e^|§:£, ±fEt£LfE#^9^- ^H^oT^f =btL&t£LfE£§£W£LT 

tkfgwffi fen te##n a p k ^t^JE-r & a > lie^ 9 ^ - ? £ ±tmu^ 7 ^ - 

[0 0 9 2 ] 

£M*bt~£ btfX& Z> 0 
[0 0 9 3 ] 

< <9 fci ti6^tL^IE#-7-^S^Mt£;-r^fE^^7^-^^^-L-C*ii^fii. 
ilo^hi^^^tttv^i t £H-) 0 
[0 0 9 4 ] 

ifc, ±iE<oM-cti, u Lmu<vtz ft onLmm^ ? * mmmm^^^x 

m^n±Lx^hix^^±m^i}m^m^^mi^^.xwr^con±m^^m^ms.-r=h 
frt^frzmfc-t&mi&KK-ox^zx, ff4ff n D 0 s*j^^-cii, 

^T^<7)ff4#-§-p a n ®^riJ£-r^^-^{i, S« L|E^/n°7p< - ^ £±fEfEi§/^p< -9 t LX 

z,<7)x\ fe^yVKwmLtzmv&wzmmLx, &tft%¥f&.m^-&M&'& hti&tm-? 

[0 0 9 5 ] 

mt>m h ti& mm^r jtm-r z>z.t &mm k%& 0 

[0 0 9 6 ] 

±fEfEI^9^-?!£:^*£;}3tt&# i £i££> ^o^AtiDnvea-? 
±T^tT?-arSi<t^-e|:So ££>K> ±IE7'n^9A^3>'t;^-^|f]iXi9 nrgb^lE^ 
#£#KfEH3«£ t Hi , frM<D=iy fc? * - ? ±T'±fE^n ^ 9 A £^ff 2 - ^ 
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[0 0 9 7 ] 

[0 0 9 8] 

[0 0 9 9] 
[0 10 0] 

[0101] 
[0102] 

dtucj:*), IE®v-^cd/n°;v^^Jc7>||-^/n°;1/Xcoi1is^IE#/^9p< - * <b LT, ^ffl-T 
&IEIi^^-^&£#P;i£^£>ib, J: ^fli^HSJf'iW^^-^p'pK^^tt^lE®^ 

- 9 ZMfc-r & i t a« ortg k & & <> 

[0103] 

ifc, IEM$S^^DTm$&IE«#^IE^v-^ ^M-r^7t*^|E^N° 

7^ -^co^^^-tf ?fES§^7^ -f^ffiot, ±|EfE^1f |&<7) ^ *><7)/l?£< t 
fcfEli^-^fiKJ&CTfrgl? *LTV>& t £ 3f^|E^v-^gm±(i|WJ-c7)^K 
±IEIE^-7 - ^ O •? *> Wfx y v^^^flJtp-T & £><7)fSfi^ 9 - 9 W t 
> ±fEfEliMTi$&<7H ^<7>^&< t ^|E®v-^fiHJSDT^?ttT^-i> t t tC, ±IE 

^T^iE^v-^gjiJii-efi, ±fEHtr^-^ i?<7>®k*mm-r&tz#>mim^7*-9 x 19 &m 
9^ -^^t^t>±iEiE^N-7^ ~9fr%'?x^&mm^7j - 9w>fcmwt L-c^is 

[0104] 

, ie^-7 - ^ <7)?£.x. ? ->^^^$ijtp-r & £><7)|ei§^ 9 ^ - * m < frm-tz Ztfr 

* -9Wb<DmJo<Dfrm<7)$L*y£*?-tJ: fc, ±fo<7)UM^U - 9<D%c*'J?% 
<m*-& £ ttfX*& & 0 ifc> fE^v-^(^^a.-y vfiIE^-7-^co^^HJ^.J: «9 ^^<7) 
^^^it^-T^co-e, v^^^fiJffl-r*7t*b<??IE^^9^ -^^^<t "9*ffl^< 

it^it lUot, mM^- 9 £ : J&$.l,!l&te2>i&&X~$)Z>&^v *J<T>%k*± »}J«3&^fW 

[0105] 

w&h*iz>um~?-9*i&wu-tz>zt tfvs m k%&<> 

[0106] 
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[0107] 
[0108] 
[0109] 
[0110] 

±tmj&mm^7* -9mfcmw;-?tt, mtmm~?-9<vi %o«x? -7©i 

[0111] 
[0 112] 

±fEH!]sfc<£>iBi^v^ -^Kjafeit-ctt^ stjiEie^^-^co^ *>oflfr^-7 v^*; 

[0 113] 

p d p ® £ ii& SE»v - * 4r ?fM r & i t a* «r ffi * « o 

[0114] 
[0115] 

tZM^7*-9 t Lt, &mTZ>Umt'*7*~-9V>$L*®lA_%&t> <>, <£i9fi£*K&$J& 
¥f £ « & t> ^ * - * * J&Jjfc -T & £ pT f g K it 2> 0 

[0116] 

itz, ±UMJ&<r>mmi^7 J - 9^&mWH> M%Z%lU^-9<VT%<nfex.vV<D$k* 

&tmmffimim^-9&&ft<vum^-9&tK»mLT^&z\kibm$ lv> 0 

[0 117] 

19 i>%m-?-9<7)ik*.y y<D$}t*mm-?z>tztbm?M'*<7 * -9&v>frm%L* 1 o«»t«a 
£^m^K&i&%n±m^&n^bfr&f^^-9*fm^&c\tTbmmK%2> 0 

[0118] 
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9&km mmmzm-? - 9 *Jsm<^iE»v -^«ti:*iu ^ ^ aiEns^ - * stw 

[0 119] 

* s mzm^ 9 * - 9 km t xm & o tern k m^-r z> <d -c\ ->* ? * $ a i j t^f se 

[0 12 0] 

mffifcfZM-?'-*&<Wi>xm<Dl&ffi3.T *) &W.KM LT, #IE^v~ ^gH*J-J&1-&fE 
[0121] 

[0122] 
[0 12 3] 

£ fin «fc *) , mm~?-? Wf&x-y y"e«)Si(0^i*ti * v#$»t £^ i: *t;g> 

> i-fc*?^ voie^/^7^ - *j&*nirjcy voie^9p< - ? tm&Kfflm-ez Z> 

k&&i ft*ffi»v-*g&±<£fa«v-*RfcttL"t\ f£^y- y^it^tJ 
*a**>, «fc ^m*^^»^S^#^D a pK^#^>tiaiE^-^^Bfig;-r*c:t7)Wfl^^ 
[0124] 

* m sesh« k mm l t ^ * it $eiE«# tLtt^-eii, 

[0125] 
[0126] 

4?4 < t i>um*?-9&KmKxfrM*tix^%> tki>K, m^um-?- 9 &&±xnm 
9&k, ±ummmm<vo *><d4?%< k bum-?- 9 skj&dt 4WH?*LT^*t t *k 
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[0127] 
[0 12 8] 

~?~?<Dik^v w%>*mm-r & fzftmzm^y * - x <om^< frm-r& ^ tarn 

[0129] 
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